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t r a c t
Sate l l i te  scaltcromctcrs  arc rnicrowavc
radars capable of measuring near -
surfacc vector winds (both speed a n d
direction) over the oceans under al 1
weather conditions. ‘1’hc data gcncr -
atcd from these instruments arc used
in scientific studies of upper ocean cir-
culation, Iroposphcric dynamics, ai r-
sca interaction, and climate change; i n
operational meteorology as a means to
incrcasc numerical weather forecast
skill and the accuracy of storm w a rn -
ing predictions; and in commercial ap-
plications such as ship routing. The
scattcromctcr  wind mcasurcrncnt  tech -
niquc was demonstrated with the flight
o f  t h e  Sc,asat Scattcromctcr in 1978.
‘I’his paper summarizes the scat-
tcromctry mcasurcmcnt  tcchniquc,  dc -
scribcs the design of the NASA Scat-
tcromctcr  (NSCAT) i n s t r u m e n t  rcccntly
launched aboard Ihc Nat ional  Space
Dcvcloprncnt AgcJ~cy of Japan’s
(NASDA) A d v a n c e d  Earth O b s e r v i n g
Satellite (ADEOS), presents first results
from the NSCAT instrument, and dc -
scribcs the future US program for
rncasuring surface marine wind vcc -
lors.

L
Contributing to both research, opera-
tional, and commercial Uses, scat-
Icromctcrs arc a unique spaceborne
instrument. The instrument measures
rnarinc surface winds, which arc a
c r i t i c a l  rncasurcmcnt  for usc in scien-
tific studies of upper ocean circulation,
tropospheric dynamics, air-sea inter-
act ion, and climate change; in  opera-
tional meteorology as a rncans to i n -
crcasc numerical weather forecast
skill and the accuracy of storm w a rn -
inp nrcrliclions: and i n  cmmrncrcial  an-

~opyright 0 1996 by the International
Astronautical IJcdcration. All rights rcscrvcd.
l’rojcct  M a n a g e r ,  NSCAT/ScaWinds  l’rojccts

placations to enhance the safety a n d
efficiency of ocean ship routing, sca
floor drilling, and commercial fishing.
With the launch of the NASA Scat-
tcrornctcr  (NSCAT) in August  1996, t h c
first Ku-band scattcromctcr in 18 years
is now returning data from space. A n
arlist’s rendering of the NSCAT i n -
strumcnt o n  t h e  A d v a n c e d  Earth Ob-
serving Satellite (ADEOS) is shown i n
}iigurc  1.

The first major collaboration in Earth
remote sensing bctwccn  NASA and th c
National Space Dcvclopmcnt Agency of
Japan (NASDA),  the three year NSCAT
mission consists of a NASA-provided
instrument and a NASDA-provided
spacecraft and launch vchiclc. The
collaboration will continue with t h c
flight of  the  next  Ku-band scattcr-
omclcr, ScaWinds, on NASDA’S ADUOS I I
spacecraft in 1999. The
strumcnt a n d  t h e  ADEXX
will have a  lifctirnc o f
with a goal of five years
on orbit, and the launch

ScaWinds i n -
11 spacecraf t
three years,
of operation
is phased to



produce a continuous, six year (or 1 on -
gcr) time series of scattcromctcr  da ta .
If sufficient attitude control gas exists,
the NSCAT/ADEOS  combination will r c -
main operational after the launch o f
ScaWinds/ADEOS 11 and the overlap b c -
twccn t h e  two cxpcrimcnts  w i l l  facili-
tate cornprchcnsivc calibration and
validation bctwccn the t w o  instru-
ments a n d  will incrcasc covcragc o  f
the oceans.

U. .c d
.uirernti

‘1’hc NSCAT mcasurcmcnt  rcquircmcnts
for research purposes were established
by NASA’s interdisciplinary Satellite
Surface Stress Working Group [1, 2].
They arc defined in Table 1 and include
the ability to measure winds bctwccn  3
and  30 n~/s with an accuracy better
than 2 n~/s or IO% in speed (which cvcr
is larger) and 20° in direction over a
spatial wind ccl] vector resolution of 50
km; 90% or more of the oceans must b c
observed at least once every two days;
products for non-real time research
applications must bc produced within 2
weeks after data is acquired at t h c
processing ccnlcr; and the instrument
must bc designed to acquire data for at
lcasl 3 years in order to allow invcsti  -
gation  of annual and intcrannual  v a ri -
ability.

Table 1 Major NSCAT Mission Rcquircrncrm: .,, ,,,  . . . . . . . . . . . . . . . . . .. V. ..4 ,,, ,,, ,,, , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...! . . . . . . . . . . . . . . . . . . . . .
~cas. ~alue pccuracyl j

Womment. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
$Vind >+-30 m / s D m/s or 10%, ~
~pccd i ~whichcvcr  i s  larger  1>.,  .,, ,,, ., . . . . . . . . . . . . . . . . . . . . . . . .,,  ,,, ,,, ,. . ...! .,,  , . . . . . . .. OO. . ,,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
~ind >! -30 m/s ~0” (rms - closest ~
Wircclion i !ambiguity}>.,,,  . . . . . . . . . . . . . . . . . . ,,~,  ,,, , . . . . ..o. oo . . . . . . ,o . . . . . . . . . ..oo..  oo . . . ,,, ,,, ,,, . ., ,,, ,,, ,,., !!! . . . . . . ...4 ;
\!palial >50 km :~ind CC1lS
~e. solulion !~., ,,, ,,, ,,, ,,, l.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...!........!..
fl.ocation  25km/1 O k r n ~bsolutc/
A c c u r a c y  i(rms) ficlativc. . . . . . . . . . . . . . . . . . .,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
&ovcragc $S0% o f ;N/A

)cc-free oceans \
icvcry 2 days ;:,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...,,.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...<

~)ata ~ weeks of $t processing ~
it’rrrd. ~cccipt kcntcr. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . .O  . . . . . ..ii . . . . . ..i
$fission $36 months ?ncludcs c h e c k o u t  ~
kiuration i,...,,,.,..,,,,,,,,,,,,,.,,..,,,,..,  . . . . . . . . . . . . . . . . . . . . . . . . . !:!, . . ..!...,,,,,, . . . . . ..4...... . . . .. 0000  . . . . . . . . .

U._ NsCArJ’ MissiQD msmiQliQtl
‘1’hc AIIEOS spacecraft is a three axis
stabilized spacecraft weighing 3.5 n~ct -
ric tons, producing 4.5 kW of electrical
energy at the cnd of life, having a n
cnginccring body dimension of 4m x
4n1 x 7m, and supporting a suite o f
eight international instruments dcdi -
catcd to Earth r e m o t e sensing. Th c

spacecraft was launched into a 797 k m
sun synchronous orbit by the 11-1 I
launch vchiclc  on August  17, 1996, and
it continues to operate nominally. Two
of the ADEXX scicncc instruments a rc
from the USA and onc is from Fran cc;
the other instruments arc provided b y
NASDA and other Japanese agcncics.
In addition to NSCAT, the payload i n -
eludes a wide-swath Ocean Color and
Tcmpcraturc Scanner (0(3”S), an Ad-
vanced  Visible and Near-lnfrarcd Ra-
diometer (AVNIR), a  Rctrorcflcctor  I n
S p a c e  (RIS), an  lntcrfcromctcr  Moni-
tor for Grccnhousc Gases (l MCi), a Po-
larization and Directionality o f  t h e
Ijarlh’s  Rcflcctancc  (POLDI:R), a  Total
Ozone Mapping Spcctromctcr  (l’OMS),
and  an  lmprovcd limb Atmospheric
Spcctromctcr  (lLAS). The NSCAT i n -
s[rumcnt onboard the ADEOS spacccrtift
is shown in F’igurc 2.

Figure
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The NSCAT instrument has a mass of
279kg,  including its six antennas, four
antenna deployment mechanisms,
three electronic units, and assorted RF
wavcguidcs, attachment fittings, and
electrical harness. The instrument is
mounted on a 3.lnl high structure,
dubbed the antenna tower, which was
designed and fabricated by NASDA c n -
ginccrs specifically to accommodate
the NSCAT instrument. T h e  Iowcr de-
sign enables each of the NSCAT a n t c n -
nas to have a clear field-of-view (FOV)
and allows the electronic boxes to rad i-
atc their waste heat to deep space. The
inslrumcnl uscs 241W of orbital aver-
age power and acquires data continu-
ously over the orbit, whether over
ocean, icc or land. The scicncc data is
combined into digital bins onboard t h c
inslrumcnt, cffcctivcly reducing t h e
data rate by 1000 to 2.9kb/s.  The kc y
NSCAT instrument rcsourcc  parameters
arc summarized and compared in ‘1’able
2 to the follow-on instrument, Sca -
Winds, which is dcscribcd  later in th c
paper.

Tab]c 2 .
lnstrurncnt A c c o m m o d a t i o n s  C o m p a r i s o n. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

i Rcsourcc NSCAT :Sca W i n d s  ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
;j#M:::,,,fk.g) . 279 : 198. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , ., ., . . . . . . . . . . . . . . . . . . . . . .
~ A v e r a g e  }’owcr ~ 2 4 1 ~ 192

(w). . . . . . ,,,  ,,,  ,,, . . . . . . . . . . ! . . . . . . . . . . . . . . . . . . ,,,  ,,,  , .,,......,.,  . . . . . . . . . . . . . . . . . . ,,,  ,,,  ,,,  ..,,,,,,,,  ,.,  ,,,  ,,,.
Opcralions ~ Continuous : Continuous,,,, ,,,, ,,, ,,, ,,, ,,,,,, o,o, o.o . . . . ..t.  ~...,,, ,,, ,,, ,,, ,,, ,,.,,,,, o,oooo,, f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Data rate (kb/s)  : 2.9 :16,,,,,,,,,,,  ,,,  ,,,  ,,,  ,, ,,,, .,,,,,.,  ..,.: . . . . . . . . . . . . . ..OO ,,,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,...0,
On board j 4 ant, ~ 1 v-band
actuation ~ deployments  ~ re lease. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,, ,,, ,,, ,., ,.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Swath scan ~ Static using ; Mechanical

i Doppler j rotation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,. . . . . . . . . . . . . . . . . . . . . . . . .
Antenna FOV

~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
j 6 ant. each ~ 1 ant. with 51°

(inc]udcs ~ with 50° ~ to n a d i r
keep OUI zones) ~ rel. t o  anl. ~ conical scan

i borcsigbt i. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * ...,.,...,.,,,  . . . . . . . . . . . . . . . . . . . . .

Jv. Thcorv OQQCalum.of
The NSCA1 instrument is an active m i -
crowavc radar that rncasurcs  the n o r -
malizcd r a d a r  backscattcr cocfficicnt,
a., of the ocean surface from several
different viewing gcomctrics. Since
wind stress over the ocean gcncratcs
capillary waves which roughen the sca
surface, changes  in wind velocity

cause changes in surface roughness.
The roughness changes modify the r a -
dar cross-section of the ocean and,
hcncc, the magnitude of backs cattcrcd
power. The normalized radar cross-
scction  itself is calculated using the ba-
sic radar equation which requires ac-
curate rncasurcmcnts of the antenna
gain, slant range, transmitted power,
systcm IOSSCS,  w a v e l e n g t h , cffcctivc
illuminated area, and  rcccivcd back -
scattcrcd power. From each i 1 lum in-
atcd location on the earth, the total r c -
ccivcd power is the sum of the back -
scattcrcd power and a contribution r c -
suiting from instrument noise and t h c
natural cmissivity (at that frequency)
from the earth-atmosphere systcm. 1 n
order t o  dctcrminc t h e  backscatlcr
cross-section accurately, the noise po-
wer must bc estimated and subtracted
from the total rcccivcd power.

in general, cr. varies as a function of
the surface wind speed, the inc idcncc
angle of the illuminating radar beam,
and the azimuth angle bctwccn the il -
lamination direction and the wind di -
rcclion. A quantitative model of t h c
backscattcr  as a function of the wind
vector and the mcasurcmcnt geometry
has been experimentally and analyti-
cally established by investigators over
the past two dccadcs [3, 4]. The back -
scatter mode] generally rcscmb]cs a
second-order sinusoidal funct ion  of
wind direction, with the overall crO 1 cv -
cl increasing with the wind speed.

A single scalar mcasurcmcnt  is insu f-
ficicnt to SOIVC for both wind speed a n d
wind direction. Mulliplc mcasurc  -
mcnts obtained from different v i c wi ng
gcomctrics arc required. With on 1 y
two mcasurcmcnts taken 90° apart, t h c
Scasat scattcromctcr  g e n e r a l l y  h a d  a
four-fold ambiguity in wind direction,
}lowcvcr, additional crO values obtained
from antennas at ycl other angles
and/or using different polarizations
provide additional information, allow-
ing the wind direction to bc uniquely
defined. In the case of NSCAT, back -
scatter mcasurcmcnts arc made with an
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additional viewing angle having two
polarizations, which substantially rc -
SOIVCS  the ambiguity.

The NSCAT design uscs 4 anlcnnas p c r
s i d e  of the subsatcllitc  track at th rcc
azimuth ang]cs to obtain the ncccssary
a z i m u t h a l  looks (one of Ihc stick a n -
tcnnas on each side is dual polariz,cd).
The antenna pattern is illustrated i n
Figure 3. Each antenna produces a n
instantaneous footprint which is six
hundred kilometers long, but only six
kilometers wide. These antenna pat-
terns arc further resolved into back -
scallcr mcasurcmcnts o f  2Skn~ obser-
vation cells by means of summing
pulse returns and Doppler fillcring.

Figure 3, NSCAT Antenna Pattern
WRX,A,,8, ,,,

Al I

at lc.ast  once in every two day period.
Several 00 CCIIS arc combined in t h c
ground processing to obtain wind v c -
locity estimates having spatial dinlcn-
sions of 50knl  by 50kn~.

v. Desert.ptlon. . of the NS. .MT
t ru m

Four major physical subsystems com -
prise the NSCAT instrument, ‘1’hc Radio
F r e q u e n c y  Subsystcm  (RF’S) c o n t a i n s
the transmitter and rcccivcr  chains; a
Digital Data Subsystcm  (DSS) provides
instrument control, data formatting,
digital Doppler processing and tclcn~c-
try; the anlcnna subsystcm  (Ant) c o n  -
sis[ing of 6 identical, dual-polarization
fan  beam antennas  dcp]oycd by four
mechanisms; a n d  t h e  systcm wavcguidc
and harness.

The basic function of the RFS is to g cn -
crate the transmitted pulses at

I

M
AN,, W*
91au,v 13.995Gh~,  and route thcm ~o the a n -

tcnna subsystcm through a swi tch
nlat rix; to rcccivc the returned signal,
down convert and pass the signal to the
IXSS; and to provide a noise source f o r

The tcchniquc makes usc of the fact
that the radar echo rcflcctcd from t h c
ocean surface is Doppler shifted duc t o
motion of the spacecraft relative to t h c
carlh’s surface. q’hc return cchocs
from different portions of the ant cn n a
footprint have different Doppler shifts,
with a larger shift at far swath and a
smaller shift at near swath. By proc-
essing  the returned signal with a n u m -
bcr of bandpass filters of  unequal
bandwidth, NSCAT can resolve t h e
600kn~ wide swath
sub-satellite track
CCIIS,  each having
tion. This 600knl
95% of the Earth’s

on each side of its
into twenty-four crO
25kn] spatial rcsolu -
swath enables ov cr
oceans to bc viewed

onboard calibration of the instrumc.  nt
and accurate mcasurcmcnt o f  trans-
mitter  power.

The 1>SS  consists of two processors: a
command and control processor w h i ch
controls the operations of the instru-
ment , collects housckccping data a n d
form als downlink tclcmctry; and a
digital Doppler processor which
achicvcs along-beam resolution util-
izing the spatially varying Doppler
shift of the returned signal and inlc -
gratcs  multiple pulses for each along-
bcam CCII.

To achicvc  the desired fan beam i 11 u -
mination patlcrn o n  t h e  Earlh’s  su r-

fac.c, the individual NSCAT antennas
arc approximately 3.lnl long and have
a IScm x 15cn~ cross-section. 131cctri  -
cally, the feed horns each produce a
fan beam with a 25° bcamwidth in ele-
vation (along-beam) and a very n a. r -
row 0.4° bcamwidth in azimuth (cross-
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beam). Each antenna assembly consists
of two end-fed wavcguidc  arrays in a
horn (one for v-pol and onc for h -pol
radiation) supporlcd b y  a  graph itc -
cpoxy structural member. While each
of Ihc antennas has both vcrlical and
horizontal horns, 0111 y Ihc vertical
polarization is used for antennas 1, 3, 4,
and 6 (refer to l~ig.  3) w}lilc  antennas 2
and 5 usc both polarizations.

The antenna deployment design cm -
ploys a pyro-activated launch restraint
b o l t  to rclcasc the a n t e n n a s af ter
launch and an aluminum hinge m cch -
an i m using viscous-damped springs
for the actual deployment. A more
con~plcIc  description of the in st rumcnt
can be found in Ref. 5.

YL- NSCAT Ground Svsfa.u
‘1’hc NSCAT ground systcm is shown i n
l<igurc 4 . The daia from the NSCAT i n -
slrumcnt  is returned via two indcpcnd  -
cnt communication paths: o n e  f o r
high-quality scicncc and one for n c a r
real time operational uses. The science
dala slrcam i s  collcctcd  b y  t h e  F,arth

Rccciving  Station at NASDA’S Earlh Ob-
servation C e n t e r  (EOC) in }Iatayama,
Japan. T a p e s  with the proccsscd lCVC1
z e r o  data ( i .e .  t ime ordered, non-
rcdundant  raw data) arc sent weekly to
the Jet Propulsion Laboratory (JPI.) for
higher Icvcl  processing. After proc -
cssing  at JPL by the NSCAT Project, a
suite of higher lCVC1 products will b c
distributed weekly to users b y  t h e
Physical Oceanography Distributed Ac-
tive Archive Center, also located at J]’ I,.
The NSCAT scicncc products will b c
distributed approximately three weeks
after acquisition of data and will bc. t h c
mosl accurate a n d  cornplctc product
suite produced by the NSCA7$ l%ojcct.

Separately f r o m  t h e  scicncc s t r e a m ,
the opcraliona] d a t a  strcarns will b c
collcctcd  by LJS g r o u n d stations i n
Alaska and Virginia and the EOC, and
proccsscd by the National Oceanic a n d
Atrnosphcric Administration (NOAA)
within three hours of acquisit ion.
NOAA will distribute the products both
domestically and internationally fo r
usc  by  o ther  rnctcorological  agcncics.

Figure 4.

Overall DP&10 Data Flow

.*;:L
Y- NASDA

Ground Stat ions ‘ r o u n d  n a t i o n s  ~~

Oco  a n

b’

WEIIIOPS

j r------~’~:gd--- - - - *NOAA  (Near Flaal-time>~F>L,  Public,

D a t a  P r o d u c t s  a n d  Motadata
J M A ,  ECMWF-

~;i:T-~xF+17-l
ADEOS

Data

c::::::dla~  ,*T”’:’”Data - - - -
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The standard data products that will b c
gcncratcd  include: crO wind vector cell
product - 13arlh-located crO CCIIS in sub-
track wind vector CCIIS with qua] i t y
flags over ocean; vector wind product
(or winds in swath) - wind speed and
dircciion in the instrument swath a n d
containing the number of crO’s used for
wind retrieval, qualiiy  flags, t h e  nlul  -
tiplc wind vector solutions, and the sc -
lcctcd  vector; and global  wind  map
product - time averaged, space av cr -
agcd wind vectors on a global grid. The
s tandard  products  arc  dcscribcd fur-
thcr in Figure 5. Special products will
a l s o  bc gcncratcd, including: a h igh
resolution merged geophysical data
producl - Fjar[h-located 00 and vector
wind mcasurcmcnts  collocated in 25kn~
x 25kn~ wind vector CCIIS;  and a crO beam
product - GO organized by beam. 1301}1
special products provide covcragc ov cr
land and ice, as W C]] as oceans. Roth
the slandard  data products and the spe-
cial products arc available through th c
Physical Oceanography Distributed
Active Archive Center at JPI. and
NASDA’S Earth Rcsourccs O b s e r v a t i o n
Center.

Figure  5 .
‘NSCAT Standard Data Product s

Level 1.7 Data Files
Oceana only, in 24-cell rows o! 50km wind vector cells

j .“pto24s gmaoa par cell (typcally  -1 6) I

Level 2 Data Files
- Rev-based files  organized by wind vecfor call row (50km cells)

I -Eactlmvhms 12 cells on each side (600km swalhs)
I

I - Each cell containa up to 4 wind cemtinationa  of speed and diraction
(in Ilkalihwd  o~er) and selected aolufion  aher ambiguity removal.

[ - F i l e s

I - One day average glotxal  map gridded  al .5 degree resolution from
+75 to -75 latitude (720 cells by 300 calls) I

I - Eech cell cor,lains ten averaged paramelem  (e.g avg wind vectors,
avg speed, rrns  speed, wind veclor atd dev, map day fraclions) I

In addition to the two aforcmcntioncd
data strcarns which will bc widely dis-
seminated,  a near real time data stream
(<24 hours since acquisition) is gcn cr-
ated by the F13C Processing Center a n d
sent electronically to the NSCAT Project
at JP1. for processing. This data is used
for mon i t o r ing  i ns t rumen t  h e a l t h  a n d ,

during the early portion of the n~is -
sion, for performing initial calibration
and validation of the data products,

The real time spacecraft and  instru-
ment operations arc performed b y
NASDA cnginccrs  at the Tracking And
Contro]  Center (TACC)  in Tsukuba  Space
Center in ‘1’sukuba, Japan. The NSCAT
Project performs cnginccring t rend
analysis and command generation a t
JP1.. Commands arc transferred elec-
tronically  from JP1. to ~ arc mcrg,cd
with other instrument and spacecraft
commands, and sent to TAC~ for t ran S-

mission to the spacccraf[.

YII. jar v RcslLu.s
The NSCAT instrument was launched
successfully on August 17, 1996 from
Tancgashima Space Center in Tanc -
gashima, Japan aboard an 11-11 rocket.
Although initially 20kn~ t o o  high,
NASDA successfully comruandcd t h e
spacecraft to lower its orbit to the op-
erating 797kn~, sun synchronous orbit.
Eleven hours after launch, the NSCAT
antennas were successfully deployed.
Power was applied to the heater clc -
mcnts of the clcclronic units  to nl ain -
tain required tcmpcraturcs until elec-
trical turn-on on Scptcrnbcr  10, 1996,

Af[cr turn-on, the instrument stepped
through each of its operating modes,
spending several hours in each, All
lcmpcraturcs and modes have b c cn
nominal to date.

l~irst  scicncc  data was returned to JP1.
on Scptcrnbcr 10, 1996. The data con -
sistcd of a single revolution with pri-
mary ocean covcragc over the North
Atlantic. The data was proccsscd su c-
ccssfully by ground computers w i th i n
two hours. Typical results include
wind vectors in swath (F’igurc 6) and
global  averaged wind vectors (F’igu rc
7). During the five-day checkout pc r-
riod, the instrument performed both
calibration mcasurcmcnts and cxpcri  -
rncnlal  high resolution wind n~casurc  -
mcnts  of 6kn~ x 6knl. lJpon c o n c l u s i o n
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of the checkout activities, lhc instru-
ment was commanded into the wind ob -
scrvation mode, in which it will rc -
m a i n  until the cnd of mission. Also
during the checkout period, the com -
munication paths to the ground sta-
tions were verified, as was the ability
10 process the scicncc and operational
data streams.

Nigure  6 . Wind Vectors in Swath

*.. .% h,’.

Figure 7. Global  Average Winds

YLl!L  Dmxktion of the
Scawinds nstrumenl

The ScaWinds scattcromctcr  rcprcscnts
a different approach to the spaceborne
scatlcromclcr design. ScaWinds will
Usc a conically scanning “pencil -
bcam” antenna to map the sca surface.
The scanning sing]c-aperture antcn  n a
is used to form two narrow bcarns,
yielding an instrument that physically
is significantly more compact than t h c
fan-beam design. The ScaWinds a n -

tcnna will rotate conically with respect
to the nadir-looking axis of the space-
craft. The scanning design imposes
ICSS  stringent POV constraints than t h c
fan beam design; allows for a reduction
in spacecraft power rcquircmcnts;  r c -
duccs the overall mass of the i n st ru -
mcnl; and eliminates the need for de-
ployment mcc}lanisms, although a rc -
lcasc v-band is required. Conversely,
the design requires the antenna to b c
rotated at 18 rpm, and the CJO resolution
size is dcpcndcnt on the real aperture
of the antenna, i.e. a n t e n n a  dimen-
sions.

The planned orbit for the AIXlOS 11 sat-
ellite i s , again, a sun synchronous
(99°) inclination angle but at  803kn~
altitude. ~’hc rcsu]ting orbit repeat pc -
riod is 4 days versus the ADIiOS spa(; c-
craf[’s 41 days. The ADIOS IJ Mission
and the ScaWinds Experiment both
have a design life of 3 years, with a
five-year goal. A Ku-band carrier fre-
quency of 13.402Ci11Y,  was sclcctcd  f o r
ScaWinds to satisfy both the scattcr-
omctcr objectives and rcccnt changes
in spectrum allocations. A conccptua]
diagram of the ScaWinds onboard t h c
ADIXM 11 satellite is shown in Figure 8.

Figure  8. ScaWinds  on ADF.OS 1 1
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The three major subsystems of the i n -
strumcnt arc the conical-scan Sca-
Winds antenna subsystcm  (SAS), th c
ScaWinds electronics subsystcm  (S13S),
and Ihc command and data subsystcm
(CDS). Figure 9 shows a photograph of
t h e  ScaWinds cnginccring model units
now in integration and testing. The
CDS provides the command and data i n -

tcrfacc to the spacecraft, controls t h c
instrument con f i gu ra t i on a n d  opera-

tion mode, provides real-tirnc gcn cra -
tion of the Doppler 2nd-range tracking
parameters for the SEiS and proccsscs
and formats  the  scicncc and cngi -
nccring lclcmetry f o r  downlinking.
The S13S contains the transmil[cr chain,
including a coupled-cavity 11OW lrav -
c]ing wave tube, and the rcccivcr
chain, and also digitizes the RF signal
before transmitting it to Ihc CDS.

Figure 9 .

‘1’hc SAS contains an antenna dish of
about 1.lm in  d iameter ; two separa te
feeds producing two slightly elliptical
microwave beams; electronic controls;
and the spin actuator. A rotary wave -
guidc coupler is used to transfer rad i a -
tion cncrg,y bctwccn  the rotating a n -
tcnna  apcrlurc assembly and the sta-
tionary radio-frequency electronics.
lhc elevation or look angles of the two
antenna beams arc 40° and 46° with
respect to nadir. At the planned orbit
height of 803 km, the incidcncc angles

of the beams arc about 46° and 54° rc -
spcc.tivcly. The beams arc electrically
polarized “ horizontal
(perpendicular l~o thcth;ncidcncc  PI ant)
for the inner, or 40°, beam, and in t h c
vcrlical for the outer, or 46°, beam.
Rcfcrcncc  6 dcscribcs in  grea ter  de ta i l
the ScaWinds design.

I’hc antenna bcamwidth will produce a
two-way antenna footprint on t h c
Elarlh’s  surface of approximately 25kn~
by 35kn>. l’his footpr in t  pa t te rn  de-
fines the basic surface resolution ccl]
dimension for measuring t h e  r a d a r
backscattcring  cocfficicnt,  cr.. T h e  GO’S
arc combined on the ground, as in th c
NSCAT processing, t o  achicvc 50kn~ x
50km wind vcclor  CCIIS. The radius o f
the helical circles formed on the su r-
facc by the two scanning beams a rc
700km and 900km, rcspcctivcly.  Pigurc
10 depicts the ground geometry crcatcd
by the ScaWinds antenna FOV.

Figure  1 0 .
Swat}, Resulting From
a scanning Antenna

41

M u l t i p l e  Azmwlh  Angk  “’
TwcW!e.wr!  Syukw

Inatwobcmsflm, bwbxk.  alU* sane
Wci  mum  w-w  mm Dowb%  . . t.wm. *
WIM tea (al !Ae  T? m 13) W4 w  km
*M OU!.,  Imarn  (m lb 1 t d 74)

The ScaWinds scattcromclcr  will cov cr
more than 90% of the Earth’s  surface
in only onc day. ]lowevcr, the Sc. a -
Winds viewing geometry results i n
t h r e e  d i s t i n c t  rc.gions in Ihc instru-
ment swalh of differing wind vector
quality based on present ambiguity
removal techniques. The middle re-
gion of the swath satisfies the scicncc
require.mcnts and is comparable in size
to the NSCAT covcragc. The two-beam
arrangement allows each spot in th c
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primary radar mapping swath to b c
viewed from up to four azimuth look
directions.

With looks separated by approximately
180”,  the innermost region has rela-
tively poor azimuthal diversity and,
coJlscqucnlly, requires ncw ambiguity
removal techniques to satisfy the di-
rectional accuracy. The outermost r c -
gion has covcragc  from only onc beam,
has little angular separation bctwccn
mcasurcmcnts, and also has poor az-
imuthal diversity. Consequently, it also
requires ncw ambiguity removal
schcmcs. Studies by the ScaWinds sci -
cncc team members arc presently u n -
dcrway and show promise in rcmov ing
the directional ambiguities and m ay
make data from the entire ScaWinds
swath satisfy the scicncc rcquirc -
mcnts.

1X1
.

L

The NSCAT instrument is presently i n
orbit and returning high quality data.
The ScaWinds  instrument is under fu 11-
scale dcvclopmcnt and is planned f o r
launch so as to gcncratc  a continuous
time-series of scattcromctcr extending
ov cr six or more years. T h e  scat-
tcromctcr products arc actively be ing
used by the research, operational, a n d
commercial communities.

The research dcscribcd in this p apcr
was carried out by the Jet Propulsion
laboratory, California lnstitutc  o f
Technology,  under  conh-acl  with th c

National Aeronautics and Space  Ad-
ministration. The aulhors  would like to
thank Chialin  Wu for help with t h c
ScaWinds  descr ip t ion ,  Slcvc Gunlcr  for
review assistance, and Janis Taylor for
manuscript preparation.
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